In the present paper we show that in an anisotropic material the absorption can have much a more complex character. If the polarization of light incident on an anisotropic crystal does not coincide with one of the extinction directions, the polarization of the light will periodically change in the crystal along the propagation direction. The absorption at any point depends on the local polarization of the light; one should therefore expect that the absorption should also change periodically. Nevertheless, analysis shows that a periodic change in absorption can be observed only if the principal axes of the conductivity tensor do not coincide with the principal axes of the dielectric tensor; otherwise the absorption modulation will be equal to 0). (Here we assume that the absorption length is much larger than the period of the change of polarization in the crystal.) In Ref. [I] it is shown that in crystals with triclinic and monoclinic symmetry the principal axes of the dielectric tensor are in general not the same. This has previously been experimentally verified for BaY2F8, Ref. [2] .
In BaY2F8 one of the principlal axes of the conductivity tensor coincides with index ellipsoid principlal axis y and with the crystallographic axis b, which is the two fold axis of symmetry of the crystal. The other two principlal axes of the conductivity tensor OS' and OS" lie in the plane perpendicular to b and in general do not coincide with the other two principlal axes of the index ellipsoid x and z. For simplicity, let us consider the propagation of polarized light in Bay& along the axis y, Fig 2. OP is the direction of vibration of linear polarized light incident on the crystal. The angular dependence of the absorption cross section o in the plane x,z can be expressed by:
where O is the angle between the z axis and the polarization vector E and 00 is the angle between the z axis and the axis 09. The amplitude of the light incident on the crystal is represented by the vector OE (parallel to OP); its components in the directions x and z are: These orthogonal components will propagate in a crystal with different speeds. This effect will cause the phase shift between two waves with orthogonal polarizations be equal to:
where An = n, -n,, y is the propagation length, h is the wavelength of light in air.
The intensity of two interfering components of waves OB and OC in the direction of the principlal axis of the conductivity tensor OS' is:
Similarly, the intensity of two interfering projections of OB and OC in the direction of OS" (orthogonal to 0s') is given by:
If the absorption loss in the crystal is negligibly small in the length at which 6 > > 2~ than the density of absorbed light along the propagation direction can be presented in the form:
The solution (7) predicts the maxima and minima in absorbed power density along the propagation of the light. In luminescence this nonuniforrnity of absorption can be observed as a set of bright and dark stripes across the excitationbeam. Maxima or minima of absorption should be observed at 6=0,2n, 4% ... and 6=n, 3n, 5n ... Exverimental Results,
In our experiment we used an octagon sample of Ho(2%):BaY2F8. Two faces of the sample were cut perpendicular to the principlal axis of the dielectric tensor y, and eight faces separated by the angle 45' were parallel to y. We measured polarized absorption of the crystal at h=488 nm for four different directions of the vector E in the plane x,z separated by the angle 45O, Fig. 2 . The experimental points fitted well the formula (2); the angle 8 0 was found to be 30.6' , The absorption coefficients for polarizations parallel to the axes OS' and OS" were equal to k&,l=olN=O.184 cm-I, l~&2=02N=0.066 cm-1 respectively.
Angle, rad. Experimentally we had a linearly polarized Ar laser beam (h=488 nm) incident on a Ho:BaYzFg crystal. visible Ho luminescence was observed in the crystal. Through a microscope we observed regular dark and bright luminescence stripes crossing the pump beam.
We measured the contrast of the fringes along the propagation of a light beam. For k II y and (p=45O the visibility of the experimentally observed interference picture was equal to V=0.32, smaller than the theoretically predicted value V=0.41 (see Eq. (7)). This difference can be explained by the small contrast depth of the microscope. For q=O, n/2, n... no bright and dark luminescence stripes were observed; the luminescence trace was uniform along y. This result is in agreement with theoretical predictions (see (7)). The measured period of the interference fringes was equal to L=(54.2%0.2) pm. This is exactly the same spacing one obtains from Eq. (7): L=h/(nx-nd~54.2 pm (here we used h=488 nm, nx=1.5275, nz=1.5185). Thus, with a single pump beam we produced an absorption and luminescence grating in the crystal.
When we propagated a He-Ne laser beam through the volume pumped with the Ar laser, contrariwise to the Ar laser beam, an additional reflection of the He-Ne beam from the crystal was observed. This additional spot we attribute to reflection from an induced refraction index grating in the crystal. propagating long the axis y.
Conclusion.
A periodic distribution of absorbed pump density along the propagation of the excitation beam was predicted and observed in Ho:BaYzF8. We believe that absorption, luminescence and the accompanying refraction index grating were produced in the crystal with a single laser beam. The obtained effect can possibly find application in lasers with distributed output coupling, holography or phase conjugation.
